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The following report will sunmarize progress during the year

July I, 19b5, to June 30, 1966, in work being performed under contract

at the Pennsylvania Hospital. It should be noted that the final quarterly

report of March 31, 1966, was delayed and therefore contains results

obtained during the month of April.

I. Preparatlon of Toxin for Bindina Studies:

Because of some reduction of personnel and funds, chemical studies were

limited to those aspects relevant to the production of a material suitable

for use in in vivo studies. Details are to be found in the previous

quarterly reports. In brief, studies on the fr-agmentation of the toxin

led to the following conclusion. All preparations of the toxin (except

the crystal phase which is inaccessible to testing), at pH's varying from

7.0 to 9.2 and ionic strengths varying from 0.02 M to 1 M, appear to contain

two DrinciDle comoonents as well as numerous small fragments. Studies

utilizing chromatograph separations show that even when these components

are separated, they tend to reform equilibrium mixtures on standing for any

length of time. In particular, toxin preparations kept at physiological

conditions in a buffer at pH 7.4 (0.1 X1 NaCl, 0.05 phosphate) invariably

contain the two components, no matter what the method of preparation used.

Parenthetically we would add that toxin stored at 40C in this particular

medium retains at least 80% of its activity for more than a year. In view

of this we have come to feel that whatever preparation of toxin is used

it is probable that once the preparation has been injected into the animal

it will form one of these equiliorium mixtures. As detailed in the last

quarterly report, all fractions seem to be Identical in all pronerties except

•. Thus in the remainder of this report "toxin" or "labelled toxin" may

be taken to refer to the mixture. Further studies on the components are
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proceeding in order to obtain some idea of the type of equilibrium which

exists. Regarding the smallest components, an estimate was made of their

quantity by exhaustively dialyzing solutions of the toxin against the pH 7.4

buffer refgit to above. Spectrophotometric and toxicity studies on the

dialysate obtained indicated that only 0.1 to 0.2% of the toxin is found

in components small enough (MW less than 20,000)'to pass through the dialysis

membrane used.

II. Fluorescent Toxin - Immunochemical Studies:

Progress in the successful labelling of the botulinus toxin and its

application to the identification of binding rites in the mouse was made

during the contract year. Binding of botulinus A toxin was studied with

combined phase contrast and fluorescent microscopy using both fluorochrome

labelled toxin and fluorochrome labelled antitoxin. Histochemical methods

for localization of cholinesterases and employing fluorochromes were also

used to identify endplate areas binding fluorescent antitoxin. Most of these

methods had been successfully used in our studies of tetanus toxin and this

experience enabled us to eliminate most of the artifacts which can occur.

These techniques were employed to avoid possible confusion by mast cells

which non-specifically bind fluorescent labelled antibodies.

Using fluorescein-labelled toxin, we found that binding was remarkably

specific, being limited to the motor endplates. Thus botulinus toxin

contrasts with tetanus toxin, which is more generally dispersed in the

surface membranes of skeletal muscle and the cells of the nervous system.

Direct binding of labelled toxin was confirmed bj staining tissues from

animals killed by the intravenous injection of botullnus A toxin with

fluortescein-labelled botullnus a •r&lZoin. Fluorescence was also observed
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in capillaries in experiments using i.v. toxin. An important source of

artifact, non-specific staining of mast cells, was eliminated. Our results

have been recorded in color photomicrographs. This data confirms previous

observations on the specific localization of botulinus toxin in motor

endplates. The appearance of the fluorescent images suggest that the

localization is in the primary synaptic cleft and/or the terminal axon.

Ultrastructural localization is discussed below.

III. Studies with Ferritin-Labelled Botulinus Toxin:

In a series of experiments similar to those previously performed by

Dr. Zacks and associates with botulinus B toxin, botulinus A toxin was

labelled with ferritin and its successful binding was proven by immuno-

electrophoresis. The labelled toxin was injected into mice. Ferritin

particles were located in the basement membrane area of the subneural

apparatus as previously shown with the B toxin. This confirms and extends

the results of our fluorescent studies. Although we originally suspected

that an increased number of ferritin particles were localized in the synaptic

vesicles of the terminal axons as compared with B toxin binding, high

resolution electron microscopy showed that this was not the case. The

majority of the label was found in the subneural apparatus.

IV. Lead Binding by Motor Endolates:

A series of investigations during the year on the binding of lead by

.notor endplate structures in botulinus intoxicated animals was completed.

It has been known since 1958 that the subneural apparatus of the motor

endplate specifically binds lead, and more recently, electron microscopy,

performed by ourselves and others, has localized the lead in the muscle

surface membrane and the overlying basement membrane of this area.

in u re n m l u l l n u n mmmnmnn n nm n mnm- -ra -,-m --- - u m• ••a
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A series of studies of whole mounts of muscles from mice with acute

botulinus intoxication revealed no detectable changes in lead binding

at the light microscope level, although we suspected that in chronically

poisoned animals the endplates were smaller and perhaps showed reduced

lead binding. However, electron microscopic studies of acute and chronically

poisoned animals (up to 26 days) showed no significant change in the

amount or distribution of lead bound by these membranes. It seems

therefore, that the rather characteristic binding site for lead at

the post synaptic structures is not altered by acute or chronic botulinus

intoxication. It is not known at this time whether these lead binding

sites are also the acetylcholine binding sites. There is no evidence

of any spread of the lead binding area of the muscle surface in acute

botulinus intoxication.

V. Local Botulism:

A series of experiments showed that the injection of minute quantities

of toxin (O.O05ig in lplg) into the gastrocnemi of mice produced a local

flaccid paralysis with few signs of generalized botulism. Maximal signs

were noted after 4 to 6 days and r+u.,rn of function bmqr after aporoximatelv

15 days. The animals then rapidly returned to normal. No residual signs

were noted. This experiment indicates that thi! action of the toxin can be

circumscribed, that the binding reaction must be &eversible and, since 15 days

is too short to alioxv for regeneration of endplates, that the blockage of

the endplates does not result in aniý permanent damage in this time interval.

The ultrastructural morphology of the paralyzid muscle and endplates was

studied and no abnormalities vere found.

-mm n .n mum num-u- nmnnn mnmm m
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VI. Acute aind Chr.nir Tntoxication:

Electron microscopic studies have been made of muscle and endplate

structures in mice with acute and chronic intoxication. The acute studies

were largely a confirmation of previous work by ourselves and others and

confirmed that there are no visible ultrastructural abnormalitie& in acute

experimental botulism. Chronic intoxication has not however been well

studied and therefore experiments were carried out in which animals were

maintained for periods up to 26 days in a state of chronic paralysis.

3y adjustment of the dose, the animals were maintained in a state of

severe generalized weakness without however requiring respiratory support.

Tissues prepared from these animals were examined in the electron microscope

and particular attention was paid to the motor endplates. In no case were

any consistent abnormalities found in either -he pre-.or post-synaptic

components of the motor endplates. Te -ould pa-tIcularly note that the

synaptic vesicles were morpholog'caliy normal in all respects. The principle

change noted was that after 12 days or more of ch.ronic intoxication there

was swelling o' the -nitochondria with an increase in the numoar of intra-

mitochondrial dense granules. Such changes are non-specific and are

interpreted as a rasult :f chronic hypoxia.
VII. •Absorrtizn 3tu"i"" fro th Cstrce." tes a " ract:

The problem cf where and in wh.t form, botulinus toxin is absorbed

". the gastroin-.est:nal tract (the natural rout- of intox:cation) has not

sein satisfactorily solved. We therefore attempted to study this problem

b l placInj a`iquots of labelled toxin in isolated segments of intestine

and 0%0'4 'no :ac ' . The fluorascý?nt l'.abe. could be tracei on the surface

o6 t nt-s'.na•'n.ucosal cells and, 15 to 30 minutes later, on the epithellal

- - --- r----.--'T ------T. . .......
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cells of the intestine and within the submucosal vessels. However, there

was no fluorescence in the lacteals or in the lamina propria mucosa. These

experiments were generally performed utilizing the first 4 cm. of the

duodenum with quantities of toxin ranging up to 1 mg. in 0.2 ml. When

labelled toxin was injected into the stomach, the fluorescent material

was apparently destroyed within seconds and could not be localized in

any portion of the stomach or its membranes. It should further be noted

that animals which had received I of the toxin directly into the

stomach generally survived until sacrificed several days later. Aniamls

which had received 1 mg. into tele intestine died so long after the injection

that well over 95% of the toxin must have been destroyed. These negative

results led us to reconsider the route of administration of the toxin and

in particular the rapid destruction cf the toxil by the stomach indicated

that absorption might be occurring primarily i. the pharyngeal or esophageal

regions. A careful study of the positioning of the tip of the stonach tube

during attempts to administer toxin by this means lent additional weight to

this hypothesis since it was noted that the tube usually stopped in the

esophagus several mm. proximal to the stomach. Therefore experiments were

devised (as detailed in the last quarterly report) in whicn toxin was

administered directly into the mouth and Aso by "stomach tube". These

experiments showed that although animals can be killed by administration of

toxin via the stomach tube,, an equally *.fective dose can be given directly

Into the mouth. In fact, if the volu.me Is kept very small (so that an

i-mmdiate swallowing reflex is not obtained) oral dosage is at least equally

sefective. Trv? probability of oral absorption Indicated by these results

,a ccn.':ed z- indirect ultraviolet micro;cope studies employing fluorescein

'aJe ed antitoxin. These experiments showed the passage of fluorescent

-um mu -u - nmn m- nun
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labelled toxin through the su:mucosal areas into the vessels. The

demonstration of oral absorption of toxin helps to explain both the

diminished tcxicity found by so many workers studying absorption from

the lower int.stinal tract and the considerable variations of response

by exposed individuals to contaminated food in natural outbreaks of intoxication,

"VIII. Nervous tissuo 3indina of 3otuliou: Toxin.

In a recent paper Hart et al, (1965), claimed that botulinus toxin

can pass through the blood brain barrier since the feeding of brains

from botulinus intoxicated rats to normal mice resulted in the deaths of

the latter. 'Ne have never noticed significant localization in the brain

and it tharefore seemed worthwhile to rep3at this cbservation in some

detaail. As a preliminary experiment, mice were poisoned with large

doses of toxin and in t-.e terminal phases of intoxication were killed

by perfusion with saline. This perfusion represents a difference in

technique as compared with., the work of Hart et al. Brain and liver from

these intoxicated animals were homogenized in small voluies of 7.2 buffer

and clear supernatz:nts obtained by spinning the homogenates at 20,000 X G.

Aliquots of the supernatants were injected (i.p.) into mice. In no case diJ

those animals receiving injection of brain sjpernatants show any signs of

bot2M'Inus intoxication in contrast to animals receiving liver supernatants

wh:lch. died relatIvely rapidly. These results mIght Indicate that if the

brain contains any bound toxin it is not easily removable; but a more

proba'3la explanation of the differqnce beltween our results and those of. Hart

et al is t•hat t".e total removal of blood from the orain also removed available

c.rcuatAn 1.ox. nir, co plaete removal of 3lood by perfuslon is

vtualy mro5inle ar.- t"-..s residual olood probably contalned the toxin.



We did additional studies on the possible detoxification or binding

of botulinus toxin by braia ".n vitro". These studies are still in progress

and the results reported here should be considered as only a partial surrnary

of our experiments. In brief, varying quantities of brain were incubated

in Krebs-Henseliet buffer solution (pH 7.6) with and without toxin. Controls

consisting of toxin incubated in buffer with and without glucose were also

prepared. The results were contrary to expectation and are su-mnmarized in

the table. In brief, it was found that the toxin alo.,e Is almost co-pletely

det,;AfTn_ by incubation in oxygenated Krebs-.H-enseliet RInger . -,r

30 minutes. The addition of brain tissue to this results In the r'tention

of so.me toxic activity wvhi~h is howe.ver .. :e nearly relate-.o 4 to the ouintt,ty

cf hrain used rather than to the , o• ti:•:n ,n th1: incto-tion Aa xture.

Supernatants from brain alone snowed sore degree of toxic activity 30.1 mls.

of incubation mnixture causes death in 72 hours) ,,7en , o..,,,na.es wera
incubated with qfucose, but n in tP.e absence o g!uccse. As yet no

clear cut results have been obta i-!d zs to the -. rt ol ,ucose on *re

amcunt oF toxicity reta'ined in th .-. :- : an" tox. a7.'n ,S.o.n -i-..x .

These results La4- o0 int-eror:etd In cn- c..o: .,;.'wc says; ., •ither t.. pre-sece

o0' substances, poss&'Ily such so!uo C-one~nts sde, itsiUze

the tox in, or C2) th p;rese!ce sn o, t-x", r:•-':. t r an sncrea,,e in te

p-ývlously ¶nl-a- prodxucti"... of so..4 An.w- *c< isostanco. 7- :alltr

•wt.e/ sot d hSl•t t-% t-e V, toxi- .can !,t i-o a .i oxc nt r

!rom s911cted SI-.s &S rVery inrTn r~.,wi drii-*rv~n3 of

.;Artho: study, ýxi>ze-rimirts now Inp~r ais -'116n;florosc-Int *4q114J

,O~r n dilayi~s C: t :nc c v1'.A to diff--ntlatq

-00~ t~' :~K.t...; ~ o . n~o~tn~
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its nitlonad In earlier raports -se have consistontly fou:-d a small

rract i c"~ of all random groups of -mice tasted to b ata~ rwol

resist-n; to boltullinus. toxin. 4In order to test whether this resistanco

is genetically deterrninaid or. Is a result o f t e physiological state of

tha particular animals concerned, we bred a,-6mals which had survived a.

lag dose (0.1 04',) i~f The toxin through 3 generations. The final

;zan-ratlon was then tested against a control group. The results show

tna ths extrer3 resistance of the orlgInal ancestors was *iot inherited

zy t!-e doscendants as a w~hole; uthtat ioi'e res.ýstance was bred Into

thsgroup 'asequally certa.*. 7-e- res4ts &Aar shown in the figure, ý4hich.

sh~ows the doath, tI'"-s 0!the control 3rou as0 ..9tg~~aov h line,

,anwi th,- tjeath tie f:etested group below the ln.i sfil

.~viustatwh~vrine a ncz o. resistance ISocr~g Is neither

S2X ý,ne no.- a . autoso-na. 6.i'_ izranca. '*.Aa 1oi lkfi to Coa-4y out

s;-e tud*'-s izn arg:;. If theA- qroup oM suvior ~tn

!rz.4i coul~d 4e f. it -.̀ ' .I.Otdo&t-sOSIleia. fpr4V

'4ng~r-atar r-ýistanco coul~d be, breý- that tz:41d serve as valu.1ble Cateria

or studies c3 tnt, blochetical. bas4? of botull1nus Initoxication. Hoeewrb

1% 4 v.6 af %.~ cu n sit~atlon of Ln.e contractg We Canntot affor to

irtiz *ý..r a-~ o rs~i to oUrSU# thLIS probJien A-w.



The Effect of Incubation With and Without Brain on the Toxicity of

Botulinus Toxin

All incubations were carried out for 60 mins. in oxygenated Krebs-Henseleit

Ringer solution, pH 7.4. Brains were obtained from normal white mice. The

time of 360 mins. was chosen since it represents the median death-time

2 S.D. for a dose of 0.2 jkg. of toxin per animal. Glucose added to incubation

as indicated.

Dose of Incubated No. of animals (out of ten) dying in 360 mins.
Toxin per animal in presence of:

No Brain Whole Brain Half Brain - Brain
Pg, Glucose No G1. Gi. No U1. G1. No G1. G1. No G1.

5.0 15/20 14/20 10 10 10 10 9 9

2.0 Z/20 1/20 10 10 8 8 8 9

1.0 0/20 0/20 10 10 10 7 10 10

0.5 0/20 0/20 8 7 5 8 9 9

0.2 0/20 0/20 8 7 4 3 9 7



BREEDING OF MICE FOR RESISTANCE TO BOTULINUS A TOXIN.

Distribution of death times of control anJ experimental
animals following injection of 0.005 ug. of toxin.

20 Modal death time = 150 mins
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